WEST 



End of Result Set 



□ | Generate Collection j |"PnnT 



Ll: Entry 1 of 1 



File: JPAB 



Jan 18, 2002 



PUB-NO: JP020020160B7A 

DOCUMENT- IDENTIFIER: JP 2002016087 A 

TITLE: SEMICONDUCTOR DEVICE 

PUBN-DATE: January 18 , 2002 

INVENTOR - INFORMATION : 

NAME COUNTRY 

NAKAYAMA) TATSUMINE 

ANDQ, YUJI 

MIYAMOTO , -HIRONOBU 

KUNIHIRO, KAZUAKI 

TAKAHAS^I-, HIROYUKI . 

KASAHARA, TAKEMOTO 

HAYAMA, NOBUYUKI 

ONO, YASUO 

MATSUNAQA, TAKAHARU 

KUZUHARA, MASAAKI 

ASSIGNEE- INFORMATION : 

NAME COUNTRY 
NEC CORP " " * 

APPL-NO: JP2000196749 
APPL-DATE: June 29, 2000 

INT-CL (IPC) : H01 L 21/ 338 ; H01 L 29/812; H01 L 29/205; H01 L 29/417; H01 L 29/778 



PROBLEM TO BE SOLVED: To effectively suppress leakage current by realizing a 
Schottky barrier having sufficient height which cannot be obtained by conventional 
techniques . 

SOLUTION: A carrier travel layer 3 is formed on a substrate 1 via a buffer layer 2, 
and a spacer layer 4 and a carrier- supplying layer 5 are formed thereon. On the 
layer 5, a source electrode 8 and a drain electrode 9 are provided, and a gate 
electrode 7 is provided via a Schottky layer 6. The layer 5 is constituted by AlGaN, 
so as to have tensiie distortion. The layer "6, however, is constituted by InGaN so 
as to have compressive distortion. 

COPYRIGHT: (C) 2 002, JPO 



ABSTRACT: 



Of I 




(19)B*B*j*/r (J P) . (12) & ffl igp & ^ (A) 



#^2002-16087 
(P2002-16087A3 
(43)£«BB ¥i£im;!18B £2002. 1.18) 



(51) Into.' 
H0 1L 21/338 
29/812 
29/205 
29/417 
29/778 



8BWS# 



FI 

H0 1L 29/205 
29/80 
29/50 
29/80 



4M1D4 
F 5F102 
J 
H 



BS*5©S02 OL (± 12 H) 



(21H 
(22)flffiH 



*HB2000-196749(P2000-196749) 
^«12# 6 R 29 B C2000. 6. 29) 



(71) tBBA 000004237 

3C^KiEE5TB7#l^ 

(72) 5S9Sf «P0J j£* 

J*0«S»E£ETB7S1# B**St* 



(74)ftSA 100088328 

&EB «± (*2«) 



(54) R9§©£fW 
(57) Igfc] 

t{*&ji 5 . v rm&m 5 ±ci±. y- 

te«5l±AlGaNK:J:9lft£U 5K 56 9H*fc*tr 
SidtrTS. v h*I6liInGaNtJ: 



tb) 




(2 

1 

itxi—tmtn- iT&&zivfzm-<r>WFmmm t -. 

K^Wtaotxye^tfl&ieSJh.. i^H -y f^«S 

^-vnttmrn*. sdo^mgeaesotrxy io 
im$m3 3 mm i * fcii 2 ceawwfcKat: 
s. 

[||:£JI4 3 T«l t . *0±Sfc3j£Sft*3&-0 
\,vftLt> (000 1) Wt&Rt-t&VlWMStoUl 

•ti ! m#^s.. 

c mm 6 3 t«li t . *v±mz.jm&ixt2m-<r) 
Btitetuzg-onFmrnmb. 36<c£*>_hfc»*s 30 

vi-fih.fc (oooi) aitiaffc^ft^^yMffloiii 
mix 0 i>±* t sr#at-rs^«^. 

CB3R3I7 3 IWfl[ 6 fcEB^^SWWaifcfiV^T, 

[R$*8] B^70E»> J ISMHeR=iJVVC. 
TWAloGai-oN (OSa^l) *»&fc9. fH 
-^IflWBfcFA 1 /9Gai-£N (a^gl) 
£0. ^ZOm^ieig^* 5 ! n,Ga,Ah-,-,N (0 
<xSK- 0£y<l) if bKZZbZifi&bi-htm 

T&S#A1 <rGai-aN (0<a$l) *»4>52rO. » 
— (Dm^MM&Al jSGai->9N ) j&»4> 

£0* JKZftflHFNKJhPA 1 rGai-rN (0^r< 50 



i ^2002-16087 

2 

[f&^B i o 3 mm 1 JVM 9 V v«i*»aBB*>i|s» 
■jT. S£fcy-*S^J:t/FM:/^ffi£ffi;c.fc.r 

immi 13 ■raiotcEMa¥*iHaB=£» 
4 ««i si *) n+ i uim&wmm b& 

[ftm 1 2 3 (0001) Wk&Sh-t&VJWit 

w<vmnu lmmttmrnm b „ *o±«cjmes 

*m#mi±. GaNs^4>^m-OltAlrGai-xN 
(0<x£l) a^&SSOOBfcfc**. m-VJ&b 

•rzxo tzmnv-xmstexv f w 

[00013 

m-z^m-mm. mz. mbl s^gn*. i§sfirfE 
iz&hfzmftMk ^ ^ y^^tBrrs . 

[00023 

[«5feOS«3 GaN^^f«±ffi^III-VfiHl:^!Bj 
^fttitKLT^a -y ^PMWS*WV^fc«Bfe 

X ■ Vf—X (Applied Physics Letters Vol.68.No.9. 
PPl267,19%) CTWftSilTV^. 

[000 3 3 ClO?&£<0*T\ 7>^{iPt/GaNS 
yPd/GaN^g»y h^-f *-Ffcfl«L. Pt/ 
G a N&VP d/Ga N** ^ a v h^RS^S ^ffl 
^L-T±>0. ■f-OPHBreU** 1 . 13-1. 27 e 
V. 0. 9 6-1. 24eVT'*S. ^<^{±. M^tf 
GaAsIM. 7eV). InP*(-0.'5e 
V) (0i^3 >y F«¥PW»SkiUttL.TKV\ 

[0 0 04 3 ^r-D^m-fr^ h 5 ~yi/X-?P) 

MS) fcLTAl GuNmim^btlt. x^r 
vmizmTTyJ F • 7^>^- U*-X (AppI 
ied- Physics Letters Vol. 76.No.l,ppl21, 2000) CTS 

[ 0 0 0 5 3 m 1 Ottx^ffc J: o^^ii^m^a 

t9"7r-f 7«R10 01±fc. M30niiiOGaN 
WB&M1 0 0 2. 5^tmOGaN1100 
3. J^f 1 OnmWAlGaN^-t- 11004.' 
if2 0nmOnfA 1 GaN^t D T@3kM 10 0 
5. E52 0nmOnSGaN^f + -/ril 0 0 6rW 



(3) ^2002-16087 

3 4 

J (RIE) 1GaN^f>7Sl 0 0 ? K iOTfcS. *<5B8#fc±i 

6&IXA 1 GaN^f I) Tt*teJl 1 0 0 5g>-SE£B££ HT. IIIl£gft!8»^ft« B H B tiJftS (000 1)® 

UTi/A)^V-X1007, KMV1008* tit. Bl 5tC5ttfiS^tt«.m^#L^iS$-V> 

«Kfcl/C»*U y-h««10 09i:LTPt/T 5. 

i /a u Sr^i&ti. r t x-%#m. h 7 vifxttrntit t o o 1 1 ] *w%*zi.taf. m-wmami* z 

avh *&mmz itp t/Ga n jwe&it&MBre *t . wii 5^«^{=±>v »t . iKoiTftii 

[0 0 0 6] 10 ^37 S*^t£B(ClEOtxyiI^^$*-ut - t £ 

h^s&Xftfkb. m&ftth-hiss 7 h* . [0013] £0¥WBHBCtSVvc. SI-O^^S 

[0007] CStfWKi: UT . A 1 G a NJ|i>**£S| Wf . SZOm^MJf 4>t:35ieS;h.£ txy^mrl 

5W6*»#i Mi* E!!Wi:^B8»T'-^^fi*« [0014] 4fc* SS-£ J: W«Z«mfl«WI* „ 

fcttB*T*-*fc. 4fc. A 1 GaNI ^ M3t:xy#S7F?&4U X=0tt?mW*C 

OA 1 aSUt£X<-f*£ 7 h^HWEeaF<f MB£*l* tXVTBffciS^B 7 h«WHWS*>|(Lt 

mis#» a i w£jtzn< Lt:i§&. m ftm-irzysmtzz. 

4*531 -^DS***** OBMEg&J: 9>h£ <=2r [0015] 4fc*WWcJ:*iif TJSJffc . -?-0_hS& 

[00083 **WIUJOTflK3S*fr3*i*:t>OTfc ^>(:;^±l:M?Wi->3 7 h=¥mSi: „ £fiti.£^ 

SS'b 7 H*«*&IHiU y-7msS£3&*W ZOftflSfgJftf. ^vffifc (0001) Bfciiih-f 

[0009] wmmmtfmm* t&ti z t zmit -th^m 

SWSfcft. h*«T£ffijei*£W$-S®?: 10 0 16] Zcr^mW^lzXhli. SgZ^m^g 

Wt«ikfcJ:9. fckittHl (b) IzirtZott *raiBE*fctfr*fc*>. l^txymifj&TOS 

» : 2:^$O2g^c0>'3 -y htt&tlrt&rty K» il. S-^tfllSiOya -y h^g^$!i^(C©< 

[0 0 103 *£?5e801I££ III- V^if^fWi^a i=ffiHT&6. 

«t^^ ^*8{=rtSM*3&s56^U. CiortSPM 40 [00 1 73 £ WSMStCiiV^Ts 

=5rS*lST*lO (0001 ) iLJbfc. Cfick Soi&i±frffl^«t 6saFt«. 

&<tt$z*mrmm LtM. mm&i&^mEX h i o o 1 s i *fc*»sfc±fitr. t«l^ t . ^o±s 

os^*^l; rt»«!^*i&i(ii»csSf * . -<r>%=mmmtf. v^-mt ( o o o 1 > ffir±Mt-r 

i±s z(dxo KttYy&zmmtz ztizXD. ^3 50 s 1 1 Kg^^*®x-$> -> x , mwn 



5 

[0019] zcvm#$miz£hif. &-<r>i&mm. 

m-^L^o.titt\i. ( 0 0 0 1 ) MSriffiff 
&GaNfrte&g8FFt&8cr>±gttZ. GaNiDia 
ttfS^SO'hSUA 1 Ga Nm£f&£Ztt%k. A 

JjfitWg&*¥Mfi!X1i.. GaNJffcAlGaNJfO 

l±. (0001) MOm#&*&£ii* a«fe?53& 
[ 0 0.2 0 ] £<?5¥«*3ai=±5^T . ^-^mflStM 

[ o 0 213 rm. nz-owmmmtixvmzcom 

U. -T^ri)^. TJfeHtfA ] aGai-aN (0go^ 
1 ) J&^&D. ^IfHiWA 1 /SGai-/SN 

a.Ali-x-rN (0<xgl. 0Sy<l) frhtchi* 
nt-tZZt&ntlW TtfeJfjFA 1 aGai- 
a N ( 0<a g 1 ) *) S-^lffili^A 1 

/3Gai-/3N (c££^l) *»4>5SrO. *~0«fWE 
rGai-rN <0£r<a) frMrifcOfcf 

[0022] *|M3tt. Wf»i§EV?^X^ (H 
EMT) ^MESFET (Metal Semiconductor Field 
Effect Transistor) «WtH«*h5>^^fclffl 

Sfcfcy-*WKiJ:lf Xt£2rflS*.£8f)£fc-r 
[0 0 23] y-X©ifei^KW>^i 



(4) ^2002-16087 

6 

[0 0 24] 4fc*«WK:±Wf. (0001)BS± 

KW>tik. fc«i.4¥*KI3tCtiVvt. mISS 
^IIUBHHIHflWnii* GaNi>/i>&£SS-OJf 
UhGai-iN (0<xSl) frt 9 %Z>'%-ff)mti 

io m-nmt&tz t a ore*- h^sagg&s 
[0025] flye^JHMfflh?;'S>**easvvc 

t±. 9ff» -y K'ffWKW^MWfrfcA 1 Ga 

^H-tT^L^GaNitcy-A- KWyttfcR 
WOxfc. £*U=»L:«WII4* GaNJbC^-MSffi 
Mttt* ^B7h«l«<tikl:tl:. A l Ga 
20 N±fcV-* • FW >^SrSft. m&S^t-Sv 

< r# tut*, (oooi) rasar 1 * 5 *rtwm, 

«aaio#iiB£ffl=^v^GaNl#fioffitt^»o^ 
aNSiSOSogetiSfrfflt. ±»Lfci«WBat 

armtcj: t£ t s t or* o . o^pt 

30 T*J1£A 1 GaNtcfc OlWWiSWfttfcJ: 0 . ± 
[0026] HT, *»»0fffllfcOV»THKt«HU 

tiwtj. ^n^itaiiiiewHfcsHWWi. s B B B 

(000 1)MI:±ffit-f5GaN11101 
±tGaNJiJ:0tS?3@RO<N$V^AlGaN«l 10 
2?r^U7t^-. B8 (a) l^rf ±ptA 1 GaN 
/GaN\fD^HI (Al GaNSiO (0 00-1 ) 
40 SOU) K]Eom?fa\ S^fil (A 1 GAN1<3 (000 
1 ) Bfll) izMnWMimZitZ . (000 1 ) 

®£±®fc-fSGaNJIl 10 3±tCGaNliO<S? 
a^tVtlnGaNIl 1 04«ftfiLfe*^. H 
8(b) tl^rTJ; 5 1 1 d G a N/G a N^r'nJHGB 
(InGaNlO (0 00-1) KM) tmo®?i»\ 
( I nGaNiO (0001) ®fB) WEOTOf 

[0027] ^tW^ a -r h^r«S^T-!i. ±ISS8 
(a) HfiBt^SfflL. ^3-7h=5f|E|^$rii 
50 «UTV\*. fcfcitfiBfiUfcElOOHJFETT 



(5) 



^2002-16087 



7 

i±, GaNll0 0 3il:. AlGaNX^-t-Bl 



8 

<t>tl = ( #InGa» + AEc ) +V P i 



0 04*5^^1 Ga.N*-rVTm£mi 0 0 54*^7 ^g«k : GaNiOya v h^ffcMMZ 

$ tcmty- h^S 1 0 0 9tffiti&tlt AEc : ( A 1 G a N^gfTRgOX*/^- ) - 



[0028] a &«3iT*ii:. xa^K 4MrfMW£J: 

l^g^S < Lid i: LT fe-££>|R##fco -3\ @9 ( a ) KfiBSCSitS ^ a -y Y^fm 

fc. y-hmSSTOA 1 GaNfJflttMya ^MmTco^HzX 

5fc®l?^fc0^r^£Sflffi#fc»K ^3 7^ 10 *«iG.n:AlGaN<7» 3 -yr-*|t^3 

KSJgc?^JS<-rs^tt^l*W J fcr,^. *%B8t«t5^3 -/ h*PHE(S*>jyWNi*ii-*M 

[0029] i*iC«U*»iprci4. mSSTtEffiH tz£ *)S3t>t>tlhif. < *i»g.i+ AEc ) *utu# 

[00 30] 09 (a) li«*?>HJFET£5jrf@T' B V^nwmZZlS-H-ti, i><QTt>&. 

H9 (c) tttt&fS't^FBTfcS. SR90 . [0033] 

Jtfc/<»7Tl9 1 ^LtflSCGaNT«S9 2# [f&9§OHM07g&] *fKBlltJ«tSm-om : FPSSg 

XK£*U ^±(CA 1 G a NS9 3±3 «tt^S9 5# tt. SZOtfFJKMOtfraSfcJSfcSfcftfcSltfc 

S^ H H ai£g®Ji (0001) ®T'&5 . CI k&jtf-t. U*y. fcfc itfl 0 n mJJITOX 

fc«4HJFETfcovvt. *Ofilii£@9 (b) fc. ^-tl^^LTMLTtiU. 

«JW^^FHfcH9 ( d ) £5rrt. AlGaN19 [0034] ^SHBCiJUT, Tifelfcli. 

3 (m-^^^g^CIS^ ) ±t^S9 5^Bt I n Sr««t5«4^#JiO? ^Ogt^oJfiV^JiT'fco 

GaNS94 (SSZO^mgSCfflS ) **Rltfc*lT T. ffiO^fWf^B^^^-fi.JiSrV^ . ^OJf 

V^j£T*@9 ( a K ( c ) kffiit-TS . SrSSt LTteO¥gffclf OS**- F*«itt£*-* . f 

[00313 *lfe«Jifc:SSH JFETfcfj^Ttt. CIO fcfc^ T&«i 0 t1S?5£»0*S^Jifc:t±3lo5I'? 

I nGaN«94*W^i:Sl^c 3 FSrt(wBiS S*. T«UI«fc 0 ite^SE&O*^ m&tB&mX-tf 

s^u^h j FETTii. &m&m<oi*i&mx- 30 [ 0 0 3 5 3 Timvtmz^ zwmtmzznrgR 

SMi. J¥liOGaNT*S9 20fea<S ; FSIStO^ fc . ^#:J14nc^#^lTl& : ?micrjg;:-f . L 

^J^tioT^TI). InGaNI9 30lfM ^ot. f xy$r«£3£frfc:&£$-ti\ 

fcSfiS^FffifiOf&^gg ( a»f&?SS ) 14. G a fcJWFfc*- *fc*>fc:li. *qWW«afl»fcKJWBaaT 

NT*«9 2<0*ti£ 0 fc**vvfc*>. ®rtffiHM*# fc"f ZZktmt L\\ LfrlStWb* -*te»T*l& 

4 1* . d£>*:tf>. (000 1 ) ffiffltjEfOmM* 1 . i43^£fcjt?TU BMWMifc*£Ti-J£<Ol& 

(ooo-i) ffifatct^mi&^i-i. i a ttxy ™w*art-* . uaPoT. *SHBfctJv^Ti±. — s 

S LfclllfiS^^fta&ESBSx* 40 [0036] ±E<0 i -3 tC. J&-fc itfSIOom^M 

"Orf-OStSliaSSasBK&i. LfctfoT. . LfcSKOS»(10ASK)TtJ:V^ 

m (19 (a) ) kitJRLT. ^s-yh^Jj^-tfeltS [0 03 7] &??Wt±-?^-X05e (J. W. Matthe 

y-7mSHS$-t!>.r£#T#. y-hnMTX&jE us and A. E. Blakeslee, J. Cryst. Growth 27,118 (1 

iztpm UMVt>+<ttVfflWR¥&i98ttS C 974) ) (c«t OffK-r^ I t&TZ 6 . B 1 4 S it^H 1 

[0032] JjLtOjfitH L . $ t>lzmmizWffit2>. fcffl^fc. 

H9 ( b ) K«ftfc4J»t4 ^ 3 f h^fEISSS * [0038] 
Bi(±ls[T«*fe:J:0*S*i*. 50 [Si] 



±J0. «P6S8 (a) Oip^A^HfiBtt^oTV^ 



( I n G a NO^^TSi^X^/l'^ ) Oil 
V P iexo : txyS&^teSUTI nGaN19 3 4»t: 



(6) ^2002-16087 
9 10 





GaN 


AlK 


InK . 


(A) 


3.180 


3.111 


3. 533 




0. 3 


0. 3 


0. 3 



[00391 *%m<?>iB-t * h^-me mmz-tmwjLW&i&t&fit: 

T0E£r#*8LTiK&t4. &±J. JilTftHte^tS ft. 'J TtS&S 5 <0>- a -y h*mg&g<Z*). 'J 

exy-a&iy^stfsia&j^. (oooi)®£± [oo4 6]^i*^®tc±j(ts«#^«^^mrs 

(IU ^^^Vm*^^i»eHl*rPS*om 10 llf. **yTj£?rB3£G.aN. 9-Jg4±>J:tf 

£-k4.rkiT'£. fck;Uf ( 0 0 0 1 ) BS*^£SO ^'JTMISUlGaN. ^3 -y h^Jfe £ I n 

#fifc»5 5Ettrt. #4 L < tt l Og&fl^gTM G a Nfci Oflt^fS £ k#T*£ 4 . fck ittTJMk 

#$-£4C:k#T#4. &4**y7TeiM3fcGaNfcJ:91|«Lfc»£. 5/ 

too4o] cmionsio^s) *msmmz.&&m, B-yh^as^ 

%^V7>i?X9<rM^m.*m\£.7frt. SCI J: ( I n, A 1 1-, ) ,Gai-,N ( 0. 164£xSl, 0 

Ay7rS2^LT=¥+yr^rfS34ggflE3 Sy<l) 

3*lXV*4. *+UT«MI5 (m-O^flteSlCffl t % **VTm£m5cr>is3 -y h*Pfg£|6j±S-fr4fE 

S) 0±K34. V-X«68tiJ:lfFW>«94*R J&WHW"4. 

it^^s 47t % ^ 3 h^s 6 {m-cr>m=mmm\m 20 [0047] (112 z^us^s) *gffiBSCft4« 

[0041]gfilkLTii. Wilf"9-7T-f7\ Kft fc« «8MKl/^7T«2H)-LT*-r!;T5tffJi3# 

S^U 3 y, ft(I*\ GaN s A 1 GaN. A 1 N^OII JBSSfU -tOJbfcX'*— *-Jl4 . V Tft&Jf 5 

[0042] A,77i2l±. ^kitT40Ch-50CrcmS 6^±{d±. V-X«S8. FW >W&9&i.Vy- 

SRI k . ^OJb^tmSil5IIIS^^13BJ i t s ©fti 1 0 0 4 8 ] SKI . fiS^'-y 7 rE2 . U T3»f 

k«ft^»fcJ:*S»feWlrr . S3. X^-^-«4 . 4f+»;T«»JI54J ilfS-'a r 

[0043] ^+';T^fS3. X^— ?-J14. *r F*JI6fc«MW48*H4. mo$S*3JOTkB«*> 
yTftMSJiV^fcllliaaflaiMI^WWfitiO 30 kO£fflV>*;:k#-C#-&. ZtT. >-3-yh*m6 

IIIISMfflrtsWHmktt. Ga. Al li. ^yT3tffJI3i0fe*SVv|ffFSRS^nr4a- 

±5 J: If I n*fe^S^S-43tJ4ZKU:^)iiiBi7aR Wei 0«*U «E^k£E&*¥iBrtfcffi»* 

k . N k fr£tMHWttffl-C* 0 . I n, G a y A 1 Jft5 «t 3 trf 5 . £*tfcj: ^37 6 +fcE 

i-x-yN ( Ogx^ 1 . 0 < 1 ) k**£ k#T'# «B»63lW)trxV*«|fc5te$-t. »J Ttft£J15 

4. X*-lMl4fiJ:l**-ir!JTflBM5li. **y ££4^3 vMHWfcSCratfcjW**. 

r^ffi 3 i o j: dims* [0049] *mmmvm$%is(k h ?>vxn±: a 

4. *«fcliSE. TOfcfcJniiCk* 1 ?**. nf -fttfy ?A4^ftffox^y^ig#^T'*>4£ 

^fSfekLT. WitfSi. S. Se&k*. pSTOE^ ft. To-kX*»«*Tft*kV^«jit6*r6. 

k LT.flRifBe. C. Mg*if«:aart-4ik*«r [0050] (m3«OS«i<^lS) 
HT'?>4. 40 «WH9^s;x^oBflBWtfcH3fcwr. ^ 

[0044] *Hifc?gST-!i. filf^JIV^+'Jr JEI±. ^-a -y 60^"^- hSS70^i D 

UftlftS^^- H^ftS&t 6 . -«r**. ^+ y 7^ S . «r4l % ^Oi o *mm±. v a -y h*M 6 2:^ H 

^«»0**v\l(a4ffiBE»jWMt«-S. [005 1] (8l40!iKtf>©!S) *»&!§fcfil2>m 

[0 04 5] va-yf^l6(i. ^*^FnlkSl^r*¥ f^h7>^"x?<oir®llBi£E4 *H^g 
iBrttCffilBg*fc*t*J:5krf4. ftfWCIi v-a y-hmg7TO^a -y h^6zrWitrrS 

•yh^rl6«IH t aS^-ryT*ffl30«rF3tRJ: V-X*ff84Jj:tf FW >^SS9TO>-3 -y h 

0t>*#<t4. ^<?DJ:5^flKk-f4CktJ:0. a ^S6r^MtcLTU4. ifLdiO. ^3-/h=^16 

1 (b) n£o%j-\>Yimttc&. -rtct>%. ^ 3 -y*5o wx-z^y^zstcijv^T^^ yrft^is^sajL^ 



1 1 

Jg60g£?fi£ : frfS.rka^$fvf . x-x^y^c 
[00523 £8. *3BBKBCi5VvC, 

[00533 (*5«>jEit0>SK)*gtim£ffMi 

#^h5^*?0^*Bt£S5£jjc$\ #HS8B 
ST1±. -yh^fllOS-GaNtiOfil^LTV^ 
S. 1 0<3±ffi#j|<0«tt£*#o*:tf>. 

-f yT«&B5fc£tS^3 -y h*cmgt¥M<-ti>Zt 

[00543 (^6^>^StO^S) 

mx-u. rmttzmzi 2Sr^^aoitfiffi)/jN$ 

isa -y Mf-JIl 0>ftEIEI»ittt4. ClOfctf). * 

[00553 (m7<7mn<r>mg) *mMBUw&&* 

i«4.'JWIt)BHf. GaNK^S«13^ 
fcffiS A -;7 7m*jt LXmmVG aNI Lfc 

[0 0 5.6 3 {'msvm&m®) *mtffimz&zm 
mmz'it. =t+yrfi^^5±t:y-^mg8i>ivp 

6li«BK2 0fcJ:DWrfiTt5 0* ffiatfcfflKWrv* 
&Z-tZZttfT'ZZ>. 

[00 573 SM2 012. S^\)ay % Rfc^'Ja 

**. 

[00 58] («9(^ffiOfS) ^ 
3 7 h it- F03ffBM9t&B 1 2 t*rf . 
[0 0 593 £«(3TO)-Bc. A777I (*H 

^— F-14. ^UTft&aSSilfS's 6 
jWBSSilTH* . is 3 -y h *1 6 0±fct2A-/ 7 tJI 
2 3 #ftlt&*U 7.^—9-14 . *T >J 7£&1 5 *>± 
lZit^f7 7M2 2imn^tLX^h. S-3-y h4fJB6 



(7) ^2002-16087 

1 2 

zr^-rs «t a trf S . Z\ilizX 0 >- 3 ? JI 6 +tcE 

r!2 2l±, 3l->H9S»fe»t*^— tJB4&iLV 
*m*J>*-r y Tft&S 5£>±fcJ&£3*lT U*fctf>. 

[00603 (&ioff>m&mm)*mm&£&& 

A-y 7t12 2***^ y 5 1 O^gfttL 
[00613 

[^KHifiitfti 

20 W5. 

[00623 ««ltLTcM ((OOOl)li) WrJT 
XK*£v\ Z0)±lZrt?7 7 M2k LTAlNffiSjfcg 
a-?7tI (KJP20n«) % ^Tyr^rS3i:UTGaN 
©fftl (K^1500nii) v X^— tJB4 1 LTAlGaK^ 

^yT^® (Al»j£Jfc0.2. K520m. Si^jBlg5xlO 
j«ar» ) .• isa -y h^»6 t LTInGaN (Inft^ifcO-O 
5. KVlOu) fc«WWBMBxK>*yir^ (MOV 
PE) SteJ;0?PJ«1-2». MOVPEatJ:5j&^aS 

30 i±. jarojrsfct*. 

A'y7rl2: ffi^400~500*C ( ^i{f450-C ) 
^■rUT5eri*3 (GaNI) : 3^000-1050-0 (fl 
xtfl030*C) 

^-W4; ^yT§»15 (A 1 GaNI) :» 

^1040-1100-C (tRli{fl080*C) 

>-3 >y h^»6 ( I nGaNI) : 31^800-900 , C (ft 

ilf840t;) 

40 (ECRS) W^g -y h*/f 6?>-&rl&£-f 6. 
$4>(~m-<7>±St LTTi/Al (TilOKfflOrai. All 
OH«200i«) ZW&mMtZ* m&l. »7h*7 
<Wk. yVTT-—)V (65CTC. 3C#) -T6i kTV- 

a. ^ZO^feSt LTNi/Au (KilOM^lOna. Au^CD 
^200tni) Srm : F^S(CJ:O^L. U7h*7-T 
5 ^ fc J: 0 7 s - M£® 7 «r«tt1"* . Oh^ISt g 

xmm^ h7>-jx9 rimti . 

50 [00633 l&^WftSm&hy-yitZfkt* 



(8) 



^2002-16087 
14 



13 



6 4'^* J ry7{*£Ji5i:g-tSfflL [0070] 

X-Wf-Wf L±Sfhfjfo£!%R1ftigE*h. ZCO *> v S ?) 2 gflBtOx 3 -y f^PSgj^jfeS 

*Lfc«a«eBtt£IS£-*-S £ k#T*# fc; I [0®Ofg#&IKI!] 

n. A 1 , Ga, Z-iV&J&JtZm&tZZ tX'?-h 10 [Hi ] ^^fc^^fl^^fiBt^tlSreBHr 

»t5 - ttfX'% h. [02] *^t«5^f*^^fiBI5r^t1BfSaT 
[0064] £i54336WCliS«i: r -f 

k#T#S. SEC. *2S»WTi±*:7 r >f Tg«<0 c ffi hh. 

((oooi)®) mismtosmm [04 i xmitgkz^mggvtmzK-tmwmx' 

c|Hlft4fclic|fc&»4,ffiB«*i*itf&5 5*4'C<Oft ££. 

&£#o*:Er»lT'J£:&U txya^'Hii^ti [05] #^C&S^fl^olS^£?jrfSrffi0T 

®ss<^ffic. cmfr^QMvjjftizfmzftt^ttim 20 [@6] ^^t^s^^goflBt^-rewT- 

*&wfr^mi$fcttM&$:m^zi&£. -turn* im 1 i ^fl^PtKfc^twBBT 

^O^fcl 0fl3art£>ft»i:"r4£fcjWffiL [08] *%Bg<r>mffl^ijBtt5^ftOST'«,6. 

W. [09] fxva*t:->v^ii#rs^fto&CfcS. 
[0065] IMfc*5BiW:tti*ir U 7?g?T® 3 1 L . [010] 83W^#^©ffi££jj^iS0T'fc 

sibv**; [0ii] *mitz&i^^mmmzvrrffim 

[0066] HfctS-EOKgCgl LT . BfM^Jf S T* * . 

t f s i k #t-# $ etta^t-*-* B#KmaTfc 30 [012] *?miz& 1 ^m#^mcotm^^fmm 

■tizttmtiw X'hh. 

[ 0 0 6 7 ] ^atwciiGaN^ orimm [013] *miizmh¥m&&<m&*7i?mmm 

fLA^s^tt^t iwtaasv^&ifcffiL. u>»t* [014] ^■mm^mm^^^rrmvh 5 . 

<rmwm5* 1 Oi'cm-'-Tt-jftfcft. THiM^S [015] BW»Mt«£fc£53**HT*4. - 

JntvSKTfc iv^ikfcJ:* *>OT'S>£. ng^ftSsfc [016] 1 7;^y4£Slll^gftfe^*o^ B H H <gitr 

LT. Pi;Ufsi. s. se^rfc'rSlni-rsdtj&sx-f mwrchh. 

3anrtS£ii»rigT'££. 1 

[0068] Sfc. *JMHTiiy-*WL FM> 40 2 /^7rl 

LTT i /A 1 fcJBUfctf. y-X^S. H M 3 y Tjgfrl 

S7?gjSjrtl»^T'&iTJfi<. flitTW. Mo. S 5 ^DTtS&Jf 

i. Ti. Pt. AK Au^^Sfrffl^Sikj&ST 6 y 3 7Ki 

*. 8 yHS 

[0 0 6 9] 4fc. 3^teRT1i^-K^SkLTNi 9 

/a u r«v^\ y- hw&izm&m*** y rft 1 o ^ 3 -y h^s 

^■Jl-C-JbSGaNkyaTh^HSIW-SftKTJbWf 12 

i<.«ilfW.Mo. Si.Ti.Pt.Al.Au 50 13 *vVTMfm 



(9) 



^2002-16087 



1 5 




1 6 


20 smm 


1004 


A 1 GaNX'v-f-i 


9o m. 


1005 


A 1 GaN3-*'J7*ft£Jl 


91 a' 7 7tS 


1006 


GaN^-f-xTII 


9 2 GaNT«8 


1007 




93 AlGaNJg 


1008 




94 InGaNI 


1009 




95 «S 


110 1 


GaNI 


10 0 1 "^7 r -f 


1102 


A 1 GaNf 


1002 GaNSB&l 


1103 


GaNJB 


1003 GaNS 


10 1104 


I nGaNS 


[011 


IM2] 





U) 



'5 
-4 

-3 

-2 
.1 




[S93 



r 



[03] 

7 



5^ 



IH4] 
7 




[01 1] 

.1 SOI ' 



(10) 



^2002-16087 



m5) 



me] 



D 



j. 9 • 7 » 9 



I I 



i ' 



12 

2 

1 



y 6 

cz5 y 



112] 



[013] 




L3 




(«J) 



(11) ^2002-16087 



[0103 



[0143 




0 02 0.4 0.6 0.8 

Alfift 



[0153 



[0163 




<oooi >*n 




o 



(72)%!^ Eif 

K^S^E23:Tg7§l^ B#s$m 

(72)?6B&g B1L W«3! 

SD£&*IE23:TS7§l-f B*m^« 

(72>fgH£f 4£H MS 

SD£SS§E£STS7#l-s?- B#m£tf* 



3C£&?tE£ETB7§l^ B#mSM* 

(72) 

s3^E^jET§7§i-t a*m$m 

(72)%BJ# £?6 

St£&?iE£STB7§l-i§- B*HM* 

(72) JEW 

. 3t%fgjjpT££Tg7gl-f B*m§vt* 



BEST AVA8LA3LE COPY 



4M104 AA04 AA10 BBOl BB02 BB05 
BB06 BB09 BB14 BB16 BB18 
CCDl C003 DIB4 DD68 EE14 
GG12 HH17 

5102 FA03 FA05 GB01 G001 GD01 
GJ02 GJ10 GLD4 GL08 GL09 
GMOO Gm GMOS GMIO GQ01 
GR01 GS04 GS05 GT02 GT03 
GV07 GV08 B001 HC11 HC19 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



12 LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: : — 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 




